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Àííîòàöèÿ
Â ñòàòüå îáñóæäàþòñÿ îñîáåííîñòè ïîïóëÿðíîãî ãåíåðàòîðà ïñåâäîñëó÷àéíûõ äàí-
íûõ äëÿ çàäà÷è ìèíèìèçàöèè ñóììàðíîãî âçâåøåííîãî çàïàçäûâàíèÿ äëÿ îäíîé ìàøèíû
è ïðåäëàãàåòñÿ ìîäèèêàöèÿ ãåíåðàòîðà, óëó÷øàþùàÿ åãî ñâîéñòâà.
Êëþ÷åâûå ñëîâà: òåîðèÿ ðàñïèñàíèé, ãåíåðàòîð çàäà÷.
Ââåäåíèå
Çàäà÷à ìèíèìèçàöèè ñóììàðíîãî âçâåøåííîãî çàïàçäûâàíèÿ äëÿ îäíîãî èñïîë-
íèòåëÿ îïðåäåëÿåòñÿ ñëåäóþùèì îáðàçîì (ñì., íàïðèìåð, [1℄). Íåîáõîäèìî âûïîë-
íèòü íàáîð èç n îïåðàöèé (ïðîíóìåðîâàííûõ ÷èñëàìè 1, 2, . . . , n) íà îäíîé ìàøèíå,
êîòîðàÿ íå ìîæåò îäíîâðåìåííî âûïîëíÿòü áîëåå îäíîé îïåðàöèè. Îïåðàöèÿ ñ íî-
ìåðîì i èìååò äëèòåëüíîñòü âûïîëíåíèÿ pi , äèðåêòèâíûé ñðîê îêîí÷àíèÿ âûïîë-
íåíèÿ di , øòðàíîé êîýèöèåíò çà çàïàçäûâàíèå wi è ãîòîâà ê âûïîëíåíèþ â
ìîìåíò âðåìåíè ri . Â íàñòîÿùåé ñòàòüå ðàññìàòðèâàåòñÿ ñëó÷àé ri = 0, i = 1, . . . , n .




ãäå Ti = max{0, Ci − di} , Ci  ìîìåíò çàâåðøåíèÿ âûïîëíåíèÿ i-é îïåðàöèè.
Îöåíêà êà÷åñòâà àëãîðèòìîâ ðåøåíèÿ ýòîé çàäà÷è îáû÷íî ïðîèçâîäèòñÿ ýêñïå-
ðèìåíòàëüíî íà ìíîæåñòâå ïñåâäîñëó÷àéíûõ çàäà÷, äàííûå êîòîðûõ ãåíåðèðóþòñÿ
ñïåöèàëüíîé ïðîãðàììîé  ãåíåðàòîðîì èñõîäíûõ äàííûõ. Â íàñòîÿùåé ðàáîòå èñ-
ñëåäóþòñÿ ñâîéñòâà îäíîãî èç øèðîêî ïðèìåíÿåìûõ ãåíåðàòîðîâ è ïðåäëàãàåòñÿ
ñïîñîá åãî óëó÷øåíèÿ.
1. åíåðàòîð èñõîäíûõ äàííûõ
Â ðÿäå ðàáîò (ñì., íàïðèìåð, [17℄), ïîñâÿùåííûõ èññëåäîâàíèþ àëãîðèòìîâ ðå-
øåíèÿ çàäà÷è ìèíèìèçàöèè ñóììàðíîãî âçâåøåííîãî çàïàçäûâàíèÿ äëÿ îäíîé ìà-
øèíû, ïðèìåíåí ãåíåðàòîð, îñíîâàííûé íà äâóõ ïàðàìåòðàõ çàäà÷è: TF (tightness















ãäå dmax = max
1≤i≤n
di , dmin = min
1≤i≤n
di .
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Àëãîðèòì ãåíåðàöèè èñõîäíûõ äàííûõ çàäà÷è
0. Âûáèðàþòñÿ êîëè÷åñòâî îïåðàöèé n è çíà÷åíèÿ TF , RDD èç èíòåðâàëà
[0,1℄.
1. Èç öåëûõ ÷èñåë èíòåðâàëà [1,100℄ ñëó÷àéíî (ïî ðàâíîìåðíîìó çàêîíó) âûáè-
ðàþòñÿ çíà÷åíèÿ {pi}
n




2. Èç öåëûõ ÷èñåë èíòåðâàëà
[
P (1− TF −RDD/2), P (1− TF + RDD/2)
]
âû-












[P (1− TF −RDD/2), P (1− TF + RDD/2)] ,
à ïðè TF > 0.5 è RDD > 2 − 2 · TF ëåâàÿ ãðàíèöà èíòåðâàëà ïðåäâàðèòåëüíûõ
çíà÷åíèé äèðåêòèâíûõ ñðîêîâ áóäåò îòðèöàòåëüíîé, çíà÷èò, â ýòîì ñëó÷àå ìîãóò
ïîëó÷àòüñÿ çàäà÷è ñ îòðèöàòåëüíûìè äèðåêòèâíûìè ñðîêàìè îïåðàöèé.
Î÷åâèäíî, ÷òî ïðè óñëîâèè ri = 0, i = 1, . . . , n , çàäà÷à ñ îòðèöàòåëüíûìè
äèðåêòèâíûìè ñðîêàìè îïåðàöèé áóäåò ýêâèâàëåíòíà çàäà÷å, â êîòîðîé âñå îò-
ðèöàòåëüíûå äèðåêòèâíûå ñðîêè çàìåíåíû íóëÿìè, òàê êàê èõ öåëåâûå óíêöèè
îòëè÷àþòñÿ ëèøü íà êîíñòàíòó, ðàâíóþ
∑
i: di<0
wi|di| . Íî çàìåòèì, ÷òî ïàðàìåòðû
TF, RDD ó ýòèõ çàäà÷ áóäóò ðàçëè÷íûìè.
Â èçâåñòíîì íàáîðå òåñòîâûõ çàäà÷ OR-Library, ðàñïîëîæåííîì ïî àäðåñó
http://people.brunel.a.uk/∼mastjjb/jeb/info.html, ïî-âèäèìîìó, òàêæå èñïîëüçó-
åòñÿ ãåíåðàòîð ñ ïîëîæèòåëüíûé ñðåçêîé äèðåêòèâíûõ ñðîêîâ, õîòÿ â îïèñàíèè
ïðèâîäèòñÿ ãåíåðàòîð áåç ñðåçêè.
2. Àíàëèç ãåíåðàòîðà
Êàê áûëî îòìå÷åíî âûøå, îïèñàííûé ãåíåðàòîð èñïîëüçóåòñÿ ìíîãèìè èññëåäî-
âàòåëÿìè çàäà÷è ìèíèìèçàöèè ñóììàðíîãî âçâåøåííîãî çàïàçäûâàíèÿ äëÿ îäíîé
ìàøèíû. Îáû÷íî äëÿ ïðîâåäåíèÿ ÷èñëåííûõ ýêñïåðèìåíòîâ ãåíåðèðóþòñÿ ñåðèè
çàäà÷ çàäàííîé ðàçìåðíîñòè ñ ðàçëè÷íûìè çíà÷åíèÿìè ïàðàìåòðîâ TF , RDD ,
ïðè÷åì çíà÷åíèÿ TF , RDD òàáóëèðóþòñÿ íåçàâèñèìî îò 0.2 äî 1.0 ñ øàãîì h ,
ðàâíûì 0.2.
Íàìè áûë ïðîâåäåí ýêñïåðèìåíò ïî âûÿâëåíèþ ñîîòâåòñòâèÿ ïàðàìåòðîâ TF,
RDD êàê ïàðàìåòðîâ ãåíåðàòîðà ïàðàìåòðàì TF, RDD êàê ïàðàìåòðàì ñãåíå-
ðèðîâàííûõ çàäà÷. Äëÿ òîãî ÷òîáû îòëè÷àòü TF , RDD ãåíåðàòîðà è çàäà÷è, ïà-
ðàìåòðû ãåíåðàòîðà áóäåì îáîçíà÷àòü êàê TFgen , RDDgen , à ïàðàìåòðû çàäà÷è 
TFpr , RDDpr .
Áóäåì ñ÷èòàòü, ÷òî çàäà÷à, ñãåíåðèðîâàííàÿ ïðè ïàðàìåòðàõ TFgen , RDDgen ,
ñîîòâåòñòâóåò ñâîåìó êëàññó, åñëè åå ïàðàìåòðû TFpr è RDDpr ïðèíàäëåæàò èí-
òåðâàëàì [TFgen−h/2, TFgen+h/2] è [RDDgen−h/2, RDDgen+h/2] ñîîòâåòñòâåííî,
ãäå h = 0.2 .
Â ïåðâîì ýêñïåðèìåíòå ìû ïðîâåðèëè ñîîòâåòñòâèå ïàðàìåòðîâ ãåíåðàòîðà ïà-
ðàìåòðàì ñãåíåðèðîâàííûõ çàäà÷ â ðàìêàõ òðàäèöèîííîé ñõåìû ãåíåðàöèè çàäà÷.
Ñõåìà ýêñïåðèìåíòà òàêîâà:
1) TFgen , RDDgen òàáóëèðîâàëèñü ñ øàãîì 0.2, íà÷èíàÿ îò 0.2 äî 1.0;
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Òàáë. 1
TFpr \ RDDpr 0− 0.1 0.1− 0.3 0.3− 0.5
0.0− 0.1 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0
0.1− 0.3 0 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.3− 0.5 0 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.5− 0.7 0 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.7− 0.9 0 / 0 / 0 100 / 0 / 0 343 / 0 / 243
0.9− 1.1 100 / 0 / 100 200 / 100 / 200 57 / 100 / 57
TFpr \ RDDpr 0.5− 0.7 0.7− 0.9 0.9− 1.1
0.0− 0.1 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0
0.1− 0.3 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.3− 0.5 100 / 0 / 0 101 / 0 / 1 99 / 1 / 0
0.5− 0.7 101 / 0 / 1 200 / 0 / 100 0 / 100 / 0
0.7− 0.9 199 / 100 / 199 0 / 100 / 0 0 / 100 / 0
0.9− 1.1 0 / 100 / 0 0 / 100 / 0 0 / 100 / 0
2) äëÿ êàæäîé ïàðû TFgen , RDDgen áûëî ñãåíåðèðîâàíî ïî 100 çàäà÷ ðàçìåð-
íîñòè 100 îïåðàöèé;
3) äëÿ êàæäîé çàäà÷è áûëè âû÷èñëåíû TFpr , RDDpr .
åçóëüòàòû ýêñïåðèìåíòîâ â òàáë. 1 ïðèâåäåíû â îðìàòå A/B/C . Äëÿ êàæ-
äîãî êëàññà, ñîîòâåòñòâóþùåãî ïàðàìåòðàì TFgen , RDDgen , A îçíà÷àåò îáùåå
êîëè÷åñòâî ñãåíåðèðîâàííûõ çàäà÷, îêàçàâøèõñÿ â ýòîì êëàññå, B  êîëè÷åñòâî çà-
äà÷, ñãåíåíåðèðîâàííûõ ïðè ñîîòâåòñòâóþùèõ êëàññó çíà÷åíèÿõ TFgen , RDDgen ,
íî íå ïîïàâøèõ â ñâîé êëàññ (óøåäøèå çàäà÷è), C  êîëè÷åñòâî çàäà÷, ïîïàâøèõ
â êëàññ, íî ñãåíåðèðîâàííûõ ïðè íåñîîòâåòñòâóþùèõ êëàññó ïàðàìåòðàõ TFgen ,
RDDgen (ïðèøåäøèå çàäà÷è).
Çàìåòèì, ÷òî êëàññû ñ TFpr ∈ [0.0, 0.1] èëè ñ RDDpr ∈ [0.0, 0.1] íå äîëæíû áûëè
ñîäåðæàòü íè îäíîé çàäà÷è, òàê êàê äëÿ íèõ â ýêñïåðèìåíòå íå áûëî ñîîòâåòñòâóþ-
ùèõ ïàðàìåòðîâ TFgen , RDDgen , íî â êëàññå ñ TFpr ∈ [0.9, 1.1] è RDDpr ∈ [0.0, 0.1]
îêàçàëîñü 100 çàäà÷.
Äàëåå, èç òàáë. 1 âèäíî, ÷òî â íåêîòîðûå êëàññû, èìåþùèå ñîîòâåòñòâóþùèå
ïàðàìåòðû TFgen , RDDgen , íå ïîïàëî íè îäíîé çàäà÷è (ñì., íàïðèìåð, êëàññ ñ
TFgen = 1.0 , RDDgen = 1.0 , êîòîðûé äîëæåí áû ñîîòâåòñòâîâàòü êëàññó TFpr ∈
∈ [0.9, 1.1] , RDDpr ∈ [0.9, 1.1]). Â òî æå âðåìÿ â íåêîòîðûõ êëàññàõ íàáëþäàåòñÿ
ìíîãî çàäà÷ èç ¾÷óæèõ¿ êëàññîâ (ñì., íàïðèìåð, êëàññ ñ TFgen = 0.8 , RDDgen =
= 0.4 , êîòîðûé äîëæåí áû ñîîòâåòñòâîâàòü êëàññó TFpr ∈ [0.7, 0.9] , RDDpr ∈
∈ [0.3, 0.5]). Îòìåòèì òàêæå êëàññû ñ TFgen = 0.8 , RDDgen = 0.6 , ñ TFgen = 1.0 ,
RDDgen = 0.2 , ñ TFgen = 1.0 , RDDgen = 0.4 , êîòîðûå ïîòåðÿëè âñå ¾ñâîè¿ çàäà÷è,
íî ïðèîáðåëè ¾÷óæèå¿.
Òàêèì îáðàçîì, âèäíî, ÷òî TFgen , RDDgen è TFpr , RDDpr ìîãóò íå ñîîòâåò-
ñòâîâàòü äðóã äðóãó, è ïîýòîìó âûâîäû îá ýåêòèâíîñòè ìåòîäîâ íà ýòèõ êëàññàõ
çàäà÷, ñäåëàííûå íà îñíîâàíèè ÷èñëåííûõ ýêñïåðèìåíòîâ, áóäóò íåêîððåêòíûìè.
Âî âòîðîì ýêñïåðèìåíòå ïðîâåðÿëîñü ñîîòâåòñòâèå ïàðàìåòðîâ TFgen , RDDgen
ïàðàìåòðàì TFpr , RDDpr äëÿ çàäà÷ èç áèáëèîòåêè OR-Library.
Ñõåìà ýêñïåðèìåíòà òàêîâà:
1) îöåíèâàëèñü çàäà÷è èç íàáîðà OR-Library ïðè n = 100 , â êîòîðûõ TFgen ,
RDDgen èçìåíÿþòñÿ îò 0.2 äî 1.0 ñ øàãîì 0.2;
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Òàáë. 2
TFpr \ RDDpr 0.0− 0.1 0.1− 0.3 0.3− 0.5 0.5− 0.7 0.7− 0.9 0.9− 1.1
0.0− 0.1 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0 0 / 0 / 0
0.1− 0.3 0 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0
0.3− 0.5 0 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0
0.5− 0.7 0 / 0 / 0 5 / 0 / 0 5 / 0 / 0 5 / 0 / 0 10 / 0 / 5 0 / 5 / 0
0.7− 0.9 0 / 0 / 0 5 / 0 / 0 16 / 0 / 11 10 / 5 / 10 0 / 5 / 0 0 / 5 / 0
0.9− 1.0 4 / 0 / 4 11 / 4 / 10 4 / 5 / 4 0 / 5 / 0 0 / 5 / 0 0 / 5 / 0
Òàáë. 3
TFpr \ RDDpr 0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0
0.0− 0.2 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.2− 0.4 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.4− 0.6 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0
0.6− 0.8 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0  
0.8− 1.0 100 / 0 / 0    
2) äëÿ êàæäîé ïàðû TFgen , RDDgen íàáîð ñîäåðæèò ïî 5 çàäà÷;
3) äëÿ êàæäîé çàäà÷è áûëè âû÷èñëåíû TFpr , RDDpr ;
4) ñ÷èòàëîñü, ÷òî TFpr , RDDpr ñîîòâåòñòâóþò TFgen , RDDgen , åñëè TFpr ∈
∈ [TFgen − 0.1, TFgen + 0.1] è RDDpr ∈ [RDDgen − 0.1, RDDgen + 0.1] .
Èç òàáë. 2 âèäíî, ÷òî âòîðîé ýêñïåðèìåíò äàë ðåçóëüòàòû, àíàëîãè÷íûå ðå-
çóëüòàòàì ïåðâîãî ýêñïåðèìåíòà: â íàáîðå OR-Library 11 êëàññîâ çàäà÷ èç 25 âîç-
ìîæíûõ íå ñîîòâåòñòâóþò îæèäàíèÿì, òàê êàê ïàðàìåòðû TFpr , RDDpr äëÿ çàäà÷
èç ýòèõ êëàññîâ â îñíîâíîì íå ñîîòâåòñòâóþò ïîðîæäàþùèì èõ ïàðàìåòðàì TFgen ,
RDDgen .
3. Ìîäèèêàöèÿ ãåíåðàòîðà èñõîäíûõ äàííûõ
Äëÿ èñêëþ÷åíèÿ óêàçàííûõ âûøå íåñîîòâåòñòâèé ïàðàìåòðîâ ãåíåðàòîðà ïà-
ðàìåòðàì ñãåíåðèðîâàííûõ çàäà÷ ìû ïðåäëàãàåì èñïîëüçîâàòü âûøåîïèñàííûé
ãåíåðàòîð ñî ñëåäóþùèì îãðàíè÷åíèåì íà ïàðàìåòðû:
RDDgen < min{1; 2− 2 · TFgen}, (1)
è ãåíåðèðîâàòü çàäà÷è, òàáóëèðóÿ TFgen , RDDgen îò 0.1 äî 0.9 ñ øàãîì 0.2.
Çàìåòèì, ÷òî îãðàíè÷åíèå (1) îáåñïå÷èâàåò íåîòðèöàòåëüíîñòü íèæíåé ãðàíèöû
èíòåðâàëà äèðåêòèâíûõ ñðîêîâ (ñì. îïèñàíèå àëãîðèòìà) è òåì ñàìûì ñíèìàåò
íåîáõîäèìîñòü çàìåíû îòðèöàòåëüíûõ äèðåêòèâíûõ ñðîêîâ íóëÿìè.
Íàìè áûë ïðîâåäåí ýêñïåðèìåíò ïî âûøåîïèñàííîé ñõåìå ñ ïðåäëîæåííûì
îãðàíè÷åíèåì íà ïàðàìåòðû TFgen , RDDgen . Â òàáë. 3 ïðèâåäåíû ðåçóëüòàòû
ýòîãî ýêñïåðèìåíòà, ïðî÷åðêè â òàáëèöå ñîîòâåòñòâóþò ïàðàì TFgen , RDDgen , íå
óäîâëåòâîðÿþùèì óñëîâèþ (1), äëÿ ýòèõ ïàð ïàðàìåòðîâ çàäà÷è íå ãåíåðèðîâàëèñü.
Êàê âèäèì, ïðåäëîæåííûé ãåíåðàòîð îáåñïå÷èâàåò ïîëíîå ñîîòâåòñòâèå TFgen ,
RDDgen êëàññàì ñãåíåðèðîâàííûõ çàäà÷ ñ TFpr ∈ [TFgen − 0.1, TFgen + 0.1] è
RDDpr ∈ [RDDgen − 0.1, RDDgen + 0.1] .
4. åíåðàöèÿ çàäà÷ ñ ìàëûì ÷èñëîì îïåðàöèé
Íàìè áûëî ïðîâåäåíî ÷èñëåííîå èññëåäîâàíèå ñâîéñòâ ãåíåðàòîðà ïðè n < 100 .
Áûëî óñòàíîâëåíî, ÷òî ïîêà n îñòàâàëîñü íå ìåíüøå 50, êà÷åñòâåííîãî îòëè÷èÿ
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Òàáë. 4
n = 50
TFpr \ RDDpr 0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0
0.0− 0.2 100 / 0 / 0 100 / 0 / 0 101 / 0 / 1 100 / 1 / 1 100 / 1 / 1
0.2− 0.4 100 / 0 / 0 100 / 0 / 0 101 / 0 / 1 99 / 1 / 0 99 / 1 / 0
0.4− 0.6 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0 101 / 0 / 1 99 / 1 / 0
0.6− 0.8 100 / 0 / 0 100 / 0 / 0 100 / 0 / 0  
0.8− 1.0 100 / 0 / 0    
Òàáë. 5
n = 20
TFpr \ RDDpr 0.0− 0.2 0.2− 0.4 0.4− 0.6 0.6− 0.8 0.8− 1.0
0.0− 0.2 101 / 0 / 1 107 / 1 / 8 112 / 7 / 19 111 / 21 / 32 70 / 31 / 1
0.2− 0.4 101 / 0 / 1 103 / 1 / 4 114 / 4 / 18 119 / 20 / 39 67 / 42 / 9
0.4− 0.6 102 / 0 / 2 106 / 2 / 8 108 / 8 / 16 116 / 16 / 32 60 / 45 / 5
0.6− 0.8 101 / 0 / 1 110 / 1 / 11 89 / 11 / 0 2 /  / 2 1 /  / 1
0.8− 1.0 100 / 0 / 0    
ðåçóëüòàòîâ îò âûøåèçëîæåííûõ íå íàáëþäàëîñü. Êàê âèäíî èç òàáë. 4, êîëè÷åñòâî
óøåäøèõ è ïðèøåäøèõ çàäà÷ íå ïðåâûøàåò 1%.
Îäíàêî ïðè óìåíüøåíèè êîëè÷åñòâà îïåðàöèé íàáëþäàåòñÿ çàìåòíîå óõóäøåíèå
êà÷åñòâà ãåíåðàòîðà. Èç òàáë. 5 âèäíî, ÷òî ïðè n = 20 êîëè÷åñòâî óøåäøèõ çàäà÷
äîñòèãàåò 39%, à ïðèøåäøèõ  45%. Îñîáî îòìåòèì, â êëàññû, ñîîòâåòñòâóþùèå
ïàðàì TFgen = 0.7 , RDDgen = 0.7 è TFgen = 0.7 , RDDgen = 0.9 (äëÿ ýòèõ ïàð
ïàðàìåòðîâ çàäà÷è íå ãåíåðèðîâàëèñü), ïðèøëè çàäà÷è èç äðóãèõ êëàññîâ.
Ïðîâåäåííûå ýêñïåðèìåíòû ïîêàçûâàþò, ÷òî äëÿ ïîëó÷åíèÿ çàäà÷ ñ ìàëûì ÷èñ-
ëîì îïåðàöèé (n ≤ 50) íóæíî äîïîëíèòü ãåíåðàòîð èëüòðîì, êîòîðûé îòñåèâàåò
çàäà÷è, íå ñîîòâåòñòâóþùèå ïàðàìåòðàì ãåíåðàòîðà.
àáîòà âûïîëíåíà ïðè èíàíñîâîé ïîääåðæêå ÔÔÈ (ïðîåêò  10-01-00728).
Summary
R.G. Sabirov, V.R. Fazylov. About the Generator of the Data for the Single Mahine Total
Weighted Tardiness Problem.
In this paper features of popular pseudo-random generator of input data for total weighted
tardiness problem for single mahine are disussed, and modiation of this generator with
better properties is oered.
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